Abstract. Despite the success of the Standard Model (SM) of particle physics in the recent decades describing nature within its capabilities, there remain open questions such as the naturalness of Electroweak Symmetry Breaking (EWSB) as well as potential deeper underlying symmetries of the SM that may contribute to the possibility of unifying the fundamental interactions. Supersymmetry (SUSY) is a very popular concept that is proposed to provide explanations to these issues, but there are also many other Beyond the Standard Model (BSM) concepts proposed that attempt to solve these remaining conundrums. The ATLAS experiment at the Large Hadron Collider (LHC) is designed to search for those non-SUSY BSM theories, referred to as Exotics. Presented here is a summary of selected results from different searches performed using proton-proton collisions at √ s = 8 TeV during 2012. As no significant excess were observed over SM background processes, the obtained results are interpreted as constraints on the possibility of the existence of these new physics.
Introduction
The LHC [1] has provided proton beams for collisions with a center of mass energy √ s = 8 TeV in the year 2012. The ATLAS [2] Experiment has recorded collision data totalling an integrated luminosity of L int = 20.3 fb −1 that is suitable for physics analysis. This has led to the discovery of a new boson [3] , which was later confirmed to be consistent with the predictions of SM Higgs boson [4, 5] . ATLAS is also sensitive to many potential signals of new physics, that are proposed as explanations for open questions of the SM, such as possible deeper underlying symmetries and the naturalness of EWSB. Many of these proposals may appear as distinct signatures at ATLAS, and searching for deviations from well-understood SM processes is an effective way to search for such signals. Exotic Searches at ATLAS can be seen as a collection of possible final states that can be used to search for new physics.
such resonances with 20 fb −1 of data from pp collisions at ATLAS: The Spin-2 Kaluza-Klein (KK) gravitons (G * → ZZ) from the Extended Randall-Sundrum (RS) Model [13] of warped extra dimensions, and spin-1 W gauge bosons (W → WZ) from the Extended Gauge Model (EGM) [14] . The Extended RS model allows the SM fields to propogate into the bulk of the extra dimension, and avoids constraints that are present in the original RS model such as limits on Flavour-ChangingNeutral-Currents (FCNC) and electroweak precision tests. It allows a dimensionless coupling constant k/M Pl ∼1, where k is the curvature of the warped extra dimension, andM Pl =M Pl / √ 8π is the reduced Planck mass. The Extended Gauge Model introduces W and Z bosons that have SM couplings to fermions. The coupling strength of W to WZ relative to the SM couplings is modified by a mixing factor ξ = c × (m W /m W ), where m W and m W are respectively the masses for W and W , and c is a coupling scale factor.
The selection criteria for WZ/ZZ → llqq events are defined independently for the electron and muon channels as appropriate, using optimal lepton selection criteria, which are independently studied. Jets are reconstructed from calorimeter clusters using the anti-kt algorithm [15, 16] with a distance parameter R = 0.4. For resonances with a mass greater than 900 GeV, the two jets formed by thepair are often merged into a single jet, and the fraction ofpairs merging increases with the resonance mass. These merged jets are labelled as large-R jets or "J", and are reconstructed with the Cambridge-Aachen Algorithm [17, 18] with a distance parameter of R = 1.2. Regions that are sensitive to such resonances are divided into distinct kinematic regions based on the dilepton and hadronic system, namely the "low/high-p T resolved region" (LR/HR) and the merged region (MR). The mass spectrum of the llqq final state, is reconstructed with the mass of the dilepton and dijet (m ll j j ) system in LR/HR, and with the mass of the dilepton and the large-R jet (m llJ ) system in MR, as shown in Figure 1a . The results of both lepton channels are combined in these distributions to search for an excess with respect to the SM predictions. No significant excess is observed, and the results are intepreted as 95% CL limits for mass of G * with k/M Pl = 1 and 0.5, as well as the mass of W .
Events / GeV Figure 1a is the m llJ distribution in MR, and in Figure 1b is the 95% CL limits on cross section times the branching ratio of the W → WZ process, as a function of m W . [19] EPJ Web of Conferences 04065-p.2
WZ → lνll
The search for diboson resonances at high masses in the leptonic decay channel WZ → lνll uses the EGM model [12] that involves a spin-1 W boson, and the heavy vector triplet (HVT) models described in [20] as benchmarks. Four final states (eνee, eνμμ, μνee and μνμμ) were analysed independently, and then combined into the final result. The transverse momentum of the neutrino is estimated by the measurement of missing transverse momentum E miss T . The reconstructed mass of the WZ → lνll system is then used as the discriminating variable to search for an excess over SM expectations, and are divided into a low mass (LM, m W 250 GeV) and a high mass (HM, m W 250 GeV) region. Figure  2a shows the reconstructed mass distribution in the HM signal region. The contributions from all four final states are combined in these two signal regions. A p-value of 0.08 at 375 GeV (equivalent to a 1.75σ local excess) has been observed. As this excess is not significant, the results are interpreted as 95% CL limits on the mass of new heavy bosons, as shown in Figure 2b .
The couplings of the new fields to the fermions and gauge bosons as predicted by the HVT models are defined in terms of parameters in the generic Lagrangian. The triplet field couples to the fermionic current through the combination of g 2 c F /g V and to the Higgs and vector bosons through g V /c H . The parameter g denotes the SU(2) L gauge coupling, g V is the coupling strength to vector bosons, and the presence of c F and c H are to allow the modification of couplings. Exclusion contours for resonance masses of 1, 1.5 and 2 TeV are also obtained in the HVT parameter space of [
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Events / 40 GeV Figure 2a is the distribution of the reconstructed mass m WZ in the WZ system, and in Figure 2b is the 95% CL limits on cross section of the resonance times the branching ratio of the resonance to the WZ system, as a function of signal mass m.
Dijet Resonances
New particles or excitations in physics models can appear as s-channels resonances that have a sizable branching ratio to final states with quarks and gluons. Such resonances can appear as "bumps" in the ICNFP 2014 04065-p.3 dijet invariant mass (m j j ) spectrum if they are sufficiently narrow. Considered benchmark models include two forms of chiral W * bosons [23] [24] [25] [26] and Quantum Black Holes (QBH) [27] [28] [29] [30] decaying into a mixture of quarks and gluons, excited quarks (q * ) [31, 32] decaying to qg, colour octet scalars (s8) [33] [34] [35] [36] decaying to gg, and heavy W [12, 14, [37] [38] [39] [40] [41] [42] decaying to qq.
A data-driven background estimate, derived from fitting a smooth function over observed data, is used in the search for an excess over SM expectations in the m j j spectrum. ATLAS and other experiments have shown in previous studies that the function f (x) = p 1 (1 − x) p 2 x p 3 +p 4 ln x provides a satisfactory fit to the QCD prediction for the dijet production, where p i are fit parameters and x = m j j / √ s. As shown in Figure 3a , this function allows for smooth background variations, but does not accomodate localised excesses that may indicate the presence of new physics. With no presence of an significant excess observed over the SM expectations, the final results are interpreted as 95% CL limits on the cross section times acceptance (σ × A) as a function of mass of the new physics m NP for the various benchmark models, as shown in Figure 3b for the excited quarks.
Prescale-weighted events 
Searches for W → tb decays
Highly boosted top and bottom quarks detected in ATLAS can appear as decay products of a heavy W boson. A search for its presence was performed with an analysis on the W → tb → Wbb → qqbb decay mode for masses of W above 1.5 TeV. With this final state it is possible to explore models that are potentially inaccessible to W → lν. Such heavy W bosons can appear in BSM models such as Technicolour [43] , Little Higgs [44] and models involving extra dimensions such as Kaluza-Klein excitations of the SM W boson [45] . An effective model [46] with description of couplings to fermions is used as a benchmark in the analysis. It is assumed that the there are no light right-handed neutrinos EPJ Web of Conferences 04065-p. 4 that the W boson would decay into, allowing only fully-hadronic decays in the right-handed sector. Both right-handed (W R ) and left-handed (W L ) models for the heavy bosons are used to generate the Monte-Carlo (MC) signal samples at different m W . Coupling strengths to quarks for the W bosons are assumed in the model to be the same as the SM W boson: g R = g SM and g L = 0 for the W R boson, and g R = 0 and g L = g SM for the W L boson, where g SM is the SM SU(2) coupling strength. Events are analysed independently in one b-tag and two b-tag categories, and the results are independently combined for the W L and W R bosons. A data-driven background estimate is used to obtain a fit function that describes the background contributions from Multijet events, which is estimated to be 99(88)% of the total background events in the one(two) b-tag category. Figure 4a shows the fit to data as well as the comparison to W L signal at different mass values. As no significant excess of events were observed for both W L and W R , the final results are independently intepreted as 95% CL Limits on the cross section times the branching ratio as a function of the W mass, as shown in Figure 4b for W L . Limits for the coupling ratios as a function of the W mass were also obtained at 95% CL, as shown in Figure 4c for W R .
Events / 100 GeV Despite the search for diboson resonances playing a significant role in probing the source of EWSB, dynamical mechanisms of EWSB as well as mass generation of fermions, are still to be confirmed and may involve heavy bosons with spin 0 or 1. An analysis was performed to search for heavy resonances decaying to Wγ and Zγ final states, where both the W and Z bosons decay leptonically. Such decay modes from heavy resonances can emerge from BSM models with new scalar [48, 49] and vector [50] particles. The Low Scale Technicolour (LSTC) model [51] as well as a phenomenological model [52, 53] describing a singlet scalar particle φ decaying to Zγ are used as benchmark models for this search. The LSTC model includes four technimesons, namely a T , ω T , ρ T and π T , with the following assumptions on the relationship between their masses: m a T ≈ m ρ T , m ρ T = m ω T and m ρ T − m π T = m W . These assumptions along with their decay modes (ρ T → WZ, Wγ, ω T → Zγ and a T → Wγ) enable the test of the model via only m ω T and m a T . The scalar particle φ with spin 0 is neutral and can be composite, and it can also act as the pseudo-Goldstone boson in dynamical EWSB. The decay mode to dibosons φ → WW/ZZ is largely supressed due to the singlet nature of EWSB, while the model also forbids the SM Yukawa interaction between φ and the fermions, disallowing tt and bb final states. The analysis is divided into the electron and muon channels, and indepedently searches for resonances by reconstructing the mass spectrum of the four possible final states, m eνγ , m eeγ , m μνγ , m μμγ . Sinco no excess over SM expectations is observed, the results are interpreted as 95% CL limits on m φ , m ω T and m a T .
Events / 60 GeV 
Long Lived Neutral Particles
Some BSM models involve a hidden sector that weakly couples to the SM via a heavy scalar particle Φ HS [55] [56] [57] [58] , where a confining gauge interaction invisible to the SM is predicted. This communicator particle couples to mass in the same way as the Higgs boson. Current coupling measurements of the Higgs boson do not exclude exotic decays, and a Φ HS with the mass of the Higgs boson is considered as a Higgs with an exotic decay channel. A Hidden Valley (HV) model [57, 58] , where EPJ Web of Conferences 04065-p.6 the lightest HV particles form an isospin triplet called Valley pions π v , is used as a benchmark model. These valley pions would be produced in pairs (Φ → π v π v ) from the pp collisions inside the ATLAS detector, with each of them decay further into a pair of fermions. Such decays into jets of the valley pions are predicted to be much later compared to the other processes produced from the pp collisions. This analysis focuses on the decays located in the range from the outer edge of the Electromagnetic Calorimeter (ECAL) and into the Hadronic Calorimeter (HCAL). Figure 6a shows a simulated distribution of log 10 (E H /E EM ) versus the distance from the interaction point, where a jump in the energy deposited in this targeted region is clearly visible. The benchmark model predicts that approximately 20-30% of the producecd π v would decay in this targeted region. A special trigger is used to trigger those events as the emerging jets with displaced vertices, as such events are usually rejected by most other analyses. SM Multijet events are the main source of the background process, their contribution is estimated by using a multijet data sample in order to predict the probablility that a jet passes the trigger and analysis selection cuts. The observed data agree with the SM-only predictions and the results are interpreted as 95% CL limits on the range of decay lengths of π v for several different combinations of m Φ and m π v , for various values of the branching ratios. 
Contact Interaction and Large Extra Dimensions
Dilepton final states resulting from new physics phenomena appear in many BSM theories, including resonances that have been searched by the ATLAS detector [60] . A search for non-resonant phenomena that appear as broad deviations from the SM have also been performed, with the analysis concentrated on investigating such phenomena arising from Contact Interactions (CI) and Large Extra Dimensions (LED).
The four fermion interaction that was formulated by Fermi [61] provides a non-renormalizable description for direct evidence of new gauge bosons from new interactions at much higher energies.
ICNFP 2014
04065-p. 7 Their presence can cause deviations from the SM in pp collisions due to the compositness of quarks and leptons, where the binding energy of the fermion constituents are represented by a characteristic energy scale Λ. The cross section of the process→ ll in presence of contact interactions can be described as σ tot = σ DY + η i j
, where σ DY accounts for the SM Drell-Yan (DY) process→ Z/γ * → ll, the second term describes the interference between the DY and CI process, while the third term represents the pure CI process. F I and F C are treated as functions of the cross-section and they do not depend on Λ.
A model that involves the existence of large flat extra dimensions, where gravity is allowed to propagate into and dilute its effects in the 3+1 spatial dimensions, has been proposed by ArkaniHamed, Dimopoulos and Dvali (ADD) [62] , which brings a solution to the vast hierachy between the Planck and EW scales. In this model, the string scale M S that represents the ultraviolet cutoff for the KK modes, can be used to describe the potential deviation from the SM in pp collisions. These KK modes are responsible for the production of dileptons via virtual KK gravitions exchange (which is related to the fundamental Planck scale in 4+n dimensions). The cross section for the qq/gg → ll process can be described (in a similar manner to the CI scenario) by σ tot = σ DY + F
. The functions of cross sections F I and F G involving respectively the interference and the pure KK effects, are considered to be independent of M S . The interaction strength is characterised by F /M S S 4 , and calculation for the dimensionless parameter F varies between models proposed by Giudice-Rattazzi-Wells (GRW) [63] , Hewett [64] and Han-Lykken-Zhang (HLZ) [65] .
The m ee and m μμ spectrums were independently used to search for excess over SM expectations, the cos θ * distribution was also used to search for evidence of contact ineractions, where θ * is the dilepton decay angle. As no significant excess was observed, the results from both channels are combined and interpreted as 95 % CL limits on the values of the parameters Λ and M S in the various considered models. Searches for signs of CI and ADD models of LED with different final states have also been performed with the ATLAS detector and reported in [22, [66] [67] [68] . Figure 7a is the m μμ distribution used to search for excess in the muon channel, and in Figure 7b is the 95% CL limits on the value of the M S parameter obtained for the several considered models. [69] EPJ Web of Conferences 04065-p.8
Heavy Quarks
The violation of "naturalness", when extrapolated above the EW energy scale, remains one of the open questions of the SM. The quadratic mass-squared divergences of fundamental scalar fields requires "fine tuning" to be compensated by some mechanism. This issue is commonly addressed in BSM theories by proposing a new symmetry, where the new states of the SM bosons and fermions related to such symmetry introduces new interactions that cancel out the divergency. These new states are generically strongly coupled resonances of some new confining dynamics, which can appear as vectorlike quarks (VLQ). Several non-SUSY BSM theories include vector-like quarks as a characteristic feature [70] . A search for the production of charge +2/3 (T ) and -1/3 (B) VLQ that decays to a Z boson and a third generation quark (T → Zt and B → Zb) has been performed. They can either be pair produced from the pp collisions via the strong interaction, or singly produced via the EW interaction. The event selection require at least a pair of leptons to reconstruct a Z boson candidate, and the selected candidate events are then divided into dilepton and trilepton events, depending on the presence of a third lepton that is not associated with the Z candidate. The dilepton channel uses the m Z variable to search for excess over SM expectations, while the trilepton channel uses the transverse momentum of all central jets in the event (H T ). Both of these channels are split further into two categories depending on the number of b-jets in the event: N btag = 1, ≥ 2 for the dilepton channel, and N btag = 0, ≥ 1 for the trilepton channel. The dilepton channel targets the pair production hypotheses, while the trilepton channel also accounts for single production hypotheses. As no excess over the SM predictions have been observed, the results from both dilepton and trilepton channels are combined and interpreted as 95% CL limits on the cross section for both the single and pair production, as a function of the mass of both T and B quarks. Limits are also derived for all heavy quark branching ratios that are consistent with the three possible decay modes (Z, W or H bosons) by combining the results from both the dilepton and trilepton channels. Figure 8a is the 95% CL limits on the cross section times the branching ratio of the Z decay mode as a function of mass for the single production of the T quark, while Figure 8b is the 95% CL limit of the pair production of the B quark, presented in the branching ratio plane of (Wt, Hb). [71] ICNFP 2014 04065-p.9
Conclusion
There have been many great achievements with the ATLAS detector during Run I of the LHC, such as the discovery of the Higgs boson. However there have yet been any observations of new physics, and many of the open questions of the SM still remain to be answered. With Run II starting in early 2015 with √ s = 13 TeV, the search for BSM physics in both the Exotics and SUSY sectors, as well as precision measurements on the SM including the properties of the Higgs boson, will continue with exciting prospects.
